A quintessence scalar field in self-interacting Brans-Dicke theory is shown to give rise to a nondecelerated expansion of the present universe for open, flat and closed models. Along with providing a non-decelerating solution, it can potentially solve the flatness problem too.
II. FIELD EQUATIONS AND SOLUTIONS
The Brans-Dicke theory is given by the action [10] 
where φ is the BD scalar field, ω is the dimensionless constant BD parameter and L m is the Lagrangian for all other matter fields. We have chosen the units 8πG = c = 1.
The matter content of the universe is composed of perfect fluid and a scalar field ψ as the quintessence matter. We assume that the universe is homogeneous and we consider an anisotropic space-time with line-element
where a, b are functions of time only and
when k = 0 (Bianchi I model) dθ 2 + sin 2 θdφ 2 , when k = +1 (Kantowaski-Sachs model) dθ 2 + sinh 2 θdφ 2 , when k = −1 (Bianchi III model)
Here k is the spatial curvature index, so that the above three types [11] of models are Euclidean, closed and semi-closed respectively. Now the BD-field equations are
and the wave equation for the BD scalar field φ is
ρ m and p m are the density and the pressure of normal matter, ρ ψ and p ψ are those due to the quintessence field given by
where V (ψ) is the relevant potential.
The wave equation for the quintessence scalar field ψ is
From the above field equations, we have the matter 'conservation' equatioṅ
Assuming that at the present epoch, the universe is filled with cold matter (dust) with negligible pressure, so using p m = 0, the conservation equation (9) gives
where ρ 1 is an integration constant. Now we assume, the power law form of scale factors a, b and the BD scalar field φ are
where a 1 , b 1 , φ 1 are positive constants and α, β, δ are real constants with α + 2β ≥ 3 (for accelerating universe).
From the field equations (3), (4) and (5) using (11) we have the expression forψ 2 aṡ
From (6) the potential V is given by
The wave equation (8) for the quintessence scalar field ψ can be written in the form
After integration (14) the expression for V is
Now, the consistency relations of the constants coming from the two identical equations (13) and (15) for the potential V are 4α + 2β + 3δ = 0 (16)
From these relations for an accelerating universe (α + 2β ≥ 3), there are two possibilities: one in which k = 0 and the second where k = 0.
In this case , consistency conditions are (17) and
where c is an constant (≥ 3).
For solving (17) and (18), we may choose δ = −2 and we have two possible solutions:
For both solutions (i) and (ii) the expression forψ 2 (see eq. (12)) becomeṡ
This indicates that ω < −3/2 asψ 2 cannot be negative. 
In this case, equation (19) integrates to
where
and the relation between V and ψ becomes
where V 1 being a constant, related to the constants a 1 , ρ 1 etc. The model works for all time 0 < t < ∞ with the condition 2|2ω + 3|φ 1 ≥ ρ1 a1b 2 1 is satisfied. The value of ω is related to the other constants as follows: 
, the present age of the universe can be calculated from (5) as
where H a =ȧ a and H b =˙b b .
For large ω limit,
where ω is obviously a negative quantity.
Case II : k = 0.
In this case, consistency conditions are (16), (17) and
Solving these three equations we have the following solutions:
(
provided for ω > 3/2 or ω ≤ −3/2.
For the solution (i), the model works for a limited period of time, 0 < t < t 1 where
For an open universe i.e., for k = −1, (2ω + 3) < 0 and |2ω
For a closed universe i.e., for k = +1, (2ω + 3) < 0 and |2ω + 3| < For the solution (ii) the model works for the time, where t satisfies the equation
III. FLATNESS PROBLEMS AND ITS SOLUTIONS
One important aspect of this model is that potentially it can solve the flatness problem. Now we make a conformal transformation [12] as
In this section, we make the following transformations:
So the field equations (3) - (5) transformed to (after some manipulations)
The BD scalar field in new versionρ φ is given bȳ
We define the dimensionless density parameterΩ as
whereρ =ρ m +ρ φ +ρ ψ is the total density andΩ i are defined accordingly.
Using (27)- (30), and combining the energy densities, we have the equation for the conservation for the total energy,ρ ′ + 3H(ρ +p) = 0 (32)
is the Hubble parameter in the Einstein frame and γ is the net barotropic index defined as
From equations (28) and (32), we have the evolution equation for the density parameter as
The individual γ i 's are defined by the relation p i = (γ i − 1)ρ i . So the ratios pi ρi remain same in both frames. For our choices of matter,p m andp ψ =ρ ψ , so we have γ m = 1 and γ φ = 2. The other index γ ψ is related by the equation
It has been shown that γ ψ is varies with time. The equation (34) 
From the field equation (28), the curvature parameterΩ k = −k/b 2 vanishes for the solutionΩ = 1. So for BD-scalar field it is possible to have a stable solution corresponding toΩ = 1 and hence the flatness problem can be solved.
IV. CONCLUDING REMARKS
In this work, we have investigated the nature of the potential relevant to the power law expansion of the universe in a self-interacting Brans-Dicke (BD) cosmology with a perfect fluid distribution for anisotropic cosmological models. We have considered a non-gravitational quintessence scalar field ψ with a potential V = V (ψ). This scalar field in BD-theory is shown to give rise to an accelerated expansion for the present dust universe (where we have taken p m = 0) It is to be noted that at early stages of the evolution of the universe p m is non-zero. But if we take barotropic equation of state p m = (γ − 1)ρ m , then equation (10) 
We have presented a class of solutions describing non-decelerating universe for both flat (k = 0) and curved space-time (k = 0). For k = 0, there are two possible solutions for different choice of the parameters. In both the solutions, the parameter ω must be negative (in fact 2ω + 3 is negative) to make the quintessence field real. The validity (on the time scale) of the solutions depends on the parameter c (defined in eq. (18)). For c = 4, the model works for all time 0 < t < ∞, while for c > 4, the model works for (t 1 , ∞) where t 1 is given by (21a). From this model we cannot predict the geometry of the universe before t 1 . Similarly for 3 < c < 4 the model is valid for t < t 2 i.e., from the begining to the time t 2 . Here also we cannot predict the nature of space-time of the universe after t = t 2 .
In curved space-time (k = 0) there are also two possible solutions for different choice of the parameters. The time interval over which the solutions are valid are given in equations (23) and (24). For close model (k > 0) the coupling parameter ω is restricted by the inequality 0 < 2ω + 3 < 1/b 2 1 while for open model ω satisfies −1/b 2 1 < 2ω + 3 < 0. From the above solutions, we note that the coupling parameter ω may be positive or negative (with some restrictions). Hence for all solutions the choice of ω is not in agreement with the observations. Finally, for non-decelerating solution it can also potentially solve the flatness problem (without any restriction on the parameters) and it has been shown thatΩ = 1 could be a stable solution in this model.
